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ALL ACS PRODUCTS ARE DESIGNED FOR 
CONTINUOUS COMMERCIAL SERVICE 


The ACS R144, R220 and R450 series receivers are high performance commercial 
grade units designed for the professional. They are engineered to provide 
maintenance free operation in demanding repeater, links, and base station 
application. 


Circuitry is continued in a 5” (12.75mm) x 7.375” (18.75mm) x 2.5” (6.4mm) 
aluminum enclosure. Connection is made through a high density DB-15 
connector. 
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Circuit Description 
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RF AMPLIFIER 


The receiver RF input circuit consists of seven high-Q helical resonators 
(H1-H7), two amplifier transistors (Q1, Q2) and associated components. 
The gain of this circuitry at the RF input frequency is nominally 20 dB. 
Superior intermodulation performance is obtained by passing input signals 
through two helical resonators (H1, H2) to reject out-of-band energy before 
amplification. Both amplifier transistors use high bias current for 
maximum overload capability and minimum distortion. Feedback is used 
to stabilize amplifier operation against temperature variations, and two 
sections of power supply decoupling per stage, further insure stable 
operation. The RF amplifier circuit output connects to the input of double 
balanced mixer SBL-1. 


OSCILLATOR AND MULTIPLIER CHAIN 


The fundamental frequency generated by oscillator Q3 is multiplied by 
stages Q4, Q5, Q6 and their associated components. The frequency of 
oscillator Q3 is controlled by crystals Y1 through Y4. In single frequency 
receivers, diode CR3 is replaced by a jumper selecting crystal Y3 as the 
frequency determining element. To further enhance stability, Y3 is 
enclosed in a proportional crystal oven. (This is an option in units built for 
amateur service.) In multi-frequency receivers, the frequency is 
determined by providing a ground at terminal E5, E8, E11, or E14 to select 
the associated crystal. The multiplication ratios of Q4 through Q6 depend 
upon the frequency range of the receivers as shown in the following table. 


Frequency Range in Multiplier 
MHz Q5 
| Doubier | Ampliter | NotUsea _| 
ifi 


151-174 Tripler Amplifier 


420-512 


To minimize the number of possible images, all ACS receivers utilize high 
frequency crystals to reduce the total multiplication ratio needed to reach 
the required injection frequency. Double-tuned filters are used between all 
multiplier stages to further reduce image levels. 


IF CIRCUITS AND DEMODULATION 


The double balanced mixer output is fed to the 21.4 MHz IF amplifier. This 
circuit consists of transistors Q7 and Q8, eight crystal filter sections, and 
their associated components. Each amplifier stage output includes a tuned 


resonant circuit (L24, C60 and L27, C66 respectively) to reject signals at 
frequencies beyond the skirts of the ceramic filters. To ensure stability, 
generous feedback and decoupling is provided to minimize temperature 
and power supply effects. 


Conversion from the 21.4 mhz. IF to the 455khz. IF, amplification of the 
455KHz IF signal, limiting, and detection is done by integrated circuit U1 
(squelch circuitry in U1 is not used). The second conversion oscillator 
circuitry (21.855 MHz.) is also contained in U1. The 455KHz four pole 
ceramic filter FL-9 (filter options are available) provides additional filtering. 
Seven amplifier stages contained in U1 provide excellent limiting before 
detection. FM detection is accomplished in the discriminator circuitry in U1 
and is tuned by coil L28. 


- SQUELCH CIRCUIT 


Wideband demodulated audio from U1 is rectified by diodes CR5 and CR6 
to provide the voltage reference for squelch operation. This voltage is fed 
to a Schmitt trigger circuit consisting of transistors Q15 and Q16. 
Hysterisis in the circuit produces positive squelch action by requiring a 
change of about 6 dB in noise level before the receiver audio is switched 
from on to off. The Schmitt trigger can be controlled by an external CTCSS 
decoder to disable the receiver audio when no CTCSS signal is present. In 
applications where CTCSS operation is used, the CTCSS decoder connects 
to terminal E33 to control the Schmitt trigger operation. 


Squelch operation is enhanced by automatically adjusting the squelch 
threshold in accordance with received signal level. Received signals at the 
low IF frequency are amplified by U2 and detected by CR3 and CR14. They 
are level shifted by U3A, and fed to fast / slow squelch transistor Q14. 
When a weak signal (less than 1 uV) is applied, transistor Q14 is turned on 
and pulls terminal E30 low to produce normal squelch action. When strong 
Signals, greater than 1 u V, are received, Q14 is switched off. When is Q14 
off, the reference voltage at the Schmitt trigger input is increased, thereby 
causing the squelch to be “tightened.” “Tightening” the squelch causes 
faster operation in response to signal changes and virtually eliminates 
squelch tail noise. Thus, the receiver provides high squelch sensitivity to 
weak signals and noise free operation for strong signals. 


Output from the Schmitt trigger gates the audio output of U1. When a 
received signal is present, audio from U1 passes to amplifier U3C. Audio 
output from U3C is used for line audio (terminal T10) and to drive U4 which 
provides a low impedance (8 ohm) local audio output for a speaker (T11). 


METERING 


Metering circuits are provided to monitor signal strength, discriminator 
centering and received signal peak deviation. The metering circuits are 
designed to drive 1mA, 220 ohm panel meters. Signal strength metering is 


available at terminal T5 that is driven by DC amplifier transistor Q13. The 
signal strength meter indication is calibrated using potentiometer R66. 
Amplifier transistor Q11 drives terminal T7 to provide discriminator 
metering. Potentiometer R54 adjusts the discriminator meter which reads 
mid-scale when registering an on-frequency signal. The discriminator 
meter negative terminal should be returned to ground through a series 
connected diode. This is provided when the receiver is factory installed in 
a repeater or rack panel. The audio is amplified, rectified by CR9 and CR10 
then level shifted by Q12 to drive peak deviation metering output terminal 
T6. Potentiometer R64 adjusts the meter setting. 


Switched output (COS terminal T9) indicating the presence of a received 
signal is available from Q9 or Q10. Q10 provides a ground at terminal E16 
when a received signal is present and open when no signal is present. An 
inverted output is available from Q9 by connecting a jumper from terminal 
E16 to E17 and taking the output from terminal E15. 


Installation 


The following describes connections to ACS-R receivers furnished in 
modular form. Receivers factory installed in repeaters require no field 
installation. 


NOTE: Terminals designated E (ex.-E12) are on the circuit board. Those with a T 
(ex.-T7) are on the outside of the box-see the wiring diagram on page 6. 


. Connect to receiver terminal T12 (positive) and T4 (ground), a DC power 
source capable of supplying 12-15 volts at 250 ma., with less than 100 mv. 
of ripple. 

If equipped with a proportional oven the requirements at turn on are 550 
ma. for 45 seconds, then 310 ma. average. 


CAUTION: The receiver uses a negative ground and must be powered from 
a negative ground or floating power supply. DO NOT connect a positive 
ground power source to the receiver. 


. To obtain a fixed-level audio output (line audio) connect to terminal T10 


(signal) and T4 (ground). This output provides a level of approximately 400 
mv. peak to peak at a source impedance of 1000 ohms. Shielded wire 
should be used for this connection. 


. To obtain power amplifier audio output for driving a loudspeaker, connect 
to terminal T11 (signal) and T4 (ground). This output provides a fixed level 
of approximately 3 volts peak to peak. An external 100 ohm potentiometer 
may be connected between this output and a speaker as shown in the 
wiring diagram to adjust the volume. 


. Connect a 50K ohm potentiometer to terminals T1, T2 and T3 as shown in 
the wiring diagram. This potentiometer is used for setting the receiver 
squelch threshold. 


5. To obtain a logic output indicating the presence of a received signal 
connect to terminal T9. T9 provides a ground when a received signal is 
present and an open when no received signal is present. 


If an inverted output is required, on the receiver board, connect a jumper 
from terminal E16 to terminal E17 and take the output from terminal E15. 
Terminal E15 provides an open when received signal is present and a 
ground when no received signal is present . (See the receiver schematic at 
the end of the manual.) These outputs will source or sink up to 100 MA at 
15 volts. 


6. If metering is to be used, connect 0-1 mA meters having internal 
resistances of 220 ohms to the following terminals: (Also see wiring 
diagram — page 6.) 


Meter Meter + Meter — 
Indication Terminal Terminal 
|. Peak Deviation” | 16" “| Ground 


Discriminator T7 Ground through a series 
connected diode. 


7. Adjust the signal strength meter by applying a strong (at least 2000 uv.) 
signal to the receiver input and set potentiometer R66 until the meter reads 
-9 mv. (on a 0-1 ma. meter scale). 


Set the discriminator meter by applying an on frequency signal to the 
receiver and adjusting potentiometer R54 for a center scale meter reading. 


Set the peak deviation meter reading by applying a signal having 5khz. 
deviation to the receiver and adjusting potentiometer R65 for a center scale 
reading. The meter indication is approximately proportional to deviation. 


8. If CTCSS operation is used, connect terminals E18 (signal) and E19 
(ground) to the CTCSS decoder input. Connect the CTCSS decoder output 
to terminal E33. The logic signal connected to terminal E33 should provide 
a ground when a CTCSS signal is detected by the decoder and an open 
when no CTCSS signal is detected. (See receiver schematic) 
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MR4 Receiver Connections 


WH/RED: 

WH/OR : 
WH/GRAY: 

NO CONNECTION 


. VIOLET: 
. WH/BLK/O: 


WH/GREEN: 
NO CONNECTION 


ORANGE: 


10. GRAY/WH: 


11. WH/BLK/GRAY: 


12. &13. BLUE: 


14. NO CONNECTION 


15. GROUND 


HIGH DENSITY DB-15 CONNECTOR 
View looking at the outside of the box. 


SQ/HIGH 
SQ/WIPER 
SQ/LOW 


SIGNAL LEVEL 
PEAK DEVIATION 


DISCRIMINATOR 


COS-Active high 
or low (factory set- 
active LOW) 


RECEIVER AUDIO 
1K ohms 
impedance 


LOCAL AUDIO 
(8 ohms) 


B+ 12-15 VDC 


10K 


O-| ma 
METER 


SwitcHainet — |_ 


220MFD-  16V 


ACTIVE HIGH 


OR 
| ACTIVE LOW 


Ope COS 


SPEAKER 


e Alignment 

All ACS-R receivers are factory aligned and generally require no initial 
alignment. If component replacement or a frequency change is necessary, 
perform only the adjustments pertaining to the circuit in which the 
component was replaced. 

Alignment is critical to the proper operation of the receiver. An experienced 
technician and proper test equipment is required to align any high 
performance receiver. 


1. 


RF AMPLIFIERS 

The RF section is aligned by applying a signal to the receiver input and 
connecting a selective RF monitor to terminal E1. Adjust helical 
resonator capacitors and coupling capacitors C4 and C15 to obtain a 
maximum indication on the monitor. Some interaction will occur 
between resonator H2 and capacitor C4 and between resonator H6 and 
capacitor C15, so these adjustments should be repeated as necessary 
until no further increase in gain is obtained. 

As adjustments are made, reduce the applied signal level to avoid 
saturating the amplifier transistors or the RF meter. When properly 
aligned, the RF section will exhibit a gain of approximately 20 dB. As a 
final check, retune for minimum noise with a signal input of less than .2 
microvolt. 


. MULTIPLIER CHAIN 


The multiplier stages are aligned by connecting a selective RF monitor 
to test point TP4 and adjusting the tuning components (L15,16,17,18 and 
associated capacitors) for a maximum indication on the monitor. Once 
the stages are properly aligned, the injection voltage at TP4 should be 
greater than 300 mv. 


. IF AMPLIFIER 


The 21.4 mhz IF amplifier inductors L24 and L27 should not require 
adjustments in the field. The 455 khz IF frequency can be set by loosely 
coupling a frequency counter to U1 pin 1 and adjusting C107 to obtain a 
reading of 21.855 Mhz. 


DISCRIMINATOR 

The discriminator is aligned by loosely coupling a 21.4 Mhz, 5 Khz 
deviated signal to the receiver IF and adjusting L28 for maximum output 
audio. If an oscilloscope is available, connect it to terminal T5 and adjust 
L28 for the maximum signal with least distortion. The positive peaks and 
the negative peaks should be equal. If not, the 21.855 Mhz oscillator may 
require adjustment.(C107) 


. FREQUENCY 


To set the receiver frequency, apply an on-frequency signal to the 
receiver input and adjust capacitor C24 to center the reading on the 
discriminator meter. In multi-frequency receivers, apply a ground to 
terminals E14, E11, E5, and E8 in turn to select the appropriate crystal 
and adjust capacitors C28, C26, C22, and C24, respectively. 
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C4 5-25 pf Trim Cap 


C11 Part of Helical Resonator 

C12 Part of tielical Resonator 
16-39 ohm with F.Bead 
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rm 


29__ 47 ohm with F.Bead 
31 2.7K 


C32 .001 Disc 
C33 Ss: R33 47 ohm with F.Bead 

8 pf SM (135 — 174 MHz) 

8 pf SM (420 — 512 MHz) 

12 pf SM (216 — 250 MHz 

F.S: 

56 pf NPO (135 — 151 MHz) 

47 pf NPO (151 — 158 MHz) 

36 pf NPO (158 — 174 MHz) 

39 pf NPO (215 — 250 MHz) 

20 pf NPO (470 — 512 MHz) 


C35 .001 Disc R43 100K ; 
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C36 .001 Disc 
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c38..—S*#S.. 
410 pf NPO (135 -151 MHz) 
12 pf NPO (151 -158 MHz) 
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C461 pf NPO PREZ Meg 2 
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C56 10 pf NPO [R720 ee ee 
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C37, 4 pfNPO: panned | R45 eee 
c38..—S#-S.«. 47K 
40 pf NPO (135 -151 MHz) 4.7K 
12 pf NPO (151 -158 MHz) 390K 
10 pf NPO (158 — 250 MHz) 10K 
15 pf NPO (420 -512 MHz) 20K 
c39.~—Cé«*&-S. 


10 pf NPO (135 -151 MHz) 
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20 dB 
+12volits +12voits 
Fs 
R7 
1K 
H3 H4 H5 Hé 
5-4 R5 
1K 
L10 - 
Lé6 
sooo ad C8 
RF '420-516M Cis eoecoeed 
. eee a lemon 
001 Ea id | baa 5-25pf Rb C21 001 
1.8K 
J ee ae = aooingel 
[[—— Muitefrequencyreceiveroption Single frequency version , 
i] 1 +8 | 1 >300mv rrin Fo 
Vv 135-174 MHz version =| | injection™ \Q a | S815 NOTES: 
{2 EZ. = fo E39 ° eI aR REAR BRET POR Jee iat domes joss 16] 1. Voltage measurements laken on a 15 MEG 
| | | Y4 = Y¥3 oo Y2 | crystal a? R29 47 F.8. I i 4. — pare ohm inpul DVM. 
| = t 420-516 MHz IP4 2. Voltages measured with: 
1 e13 E10 E4 | Q = ene t+] ote s = RF signal present 
| | = f { eae ns = No rf signal present 
[= ! 1 (} = crystal installed 
t {{ }] = 100 microvolt RF input with a | KHz 
cso! ipf = cs2! Ipf C54 Ipf signal deviated +/- 5 KHz. 
3. Uniess otherwise specified. all diodes are 
1n4148. 
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4. H1-H7 are helical resonators 
5. Ail resistors are in ohms uniess specified. 
All capacitors are in microfarads unless 


specified. 4 
All Chokes are microhenry unless specified. 
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Advanced 


Communic ation 


Systems 


25 Elm Pork 


- Groveland, MA — 
: 01834 


Phone: 978/379-3449 
Fax: 978/373-7304 


Website: 


www. ADVCOMMSYS.com H 


“E-mail... 


ADVCOMMSYS@ att.net 


Thank you 


ACS wants to let you know how much we value your 
business and the confidence you have placed in our 
products. Should you have questions or problems feel 
free to contact us. We will always do everything possible 
to continue to earn your trust and goodwill. 


It is a pleasure to do business with you. 


Gary J. Welch 
W1FCK 
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